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(57) Abstract: The invention makes a 16a-substituted 
steroidal compound available having formula 1, 
wherein the dotted ring is a fully saturated, a fully 
aromatic or a saturated ring with a A5-10 double 
bond; R^ is (Ci-C3)alkyl or (C2-C3)alkenyl, and 
each of these groups can be substituted with one or 
more halogens; R^ is (Ci-C4)alkyl, (C2-C4)alkenyl or 
methylene, and each of these groups can be substituted 
with one or more halogens; R^ is methyl or ethyl; or 
a prodrug thereof, which compound can be used for 
an estrogen receptor a selective treatment. 
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16ALPHA--METHYL OR ETHYL SUBSTITUTED ESTROGENS 



This invention relates to a 16a-substitated steroidal compound, to a 
method of activating estrogenic receptors with such a compound and to 
the use of such a compound for the manufacture of a medicine for 
estrogen-receptor related treatments. 

Steroidal cornpounds with estrogenic activity have found long-standing 
utility in the treatment of a variety of medical indications and in regimes 
for contraceptive purposes. Despite the long history of the field there still 
is a need for more effective, safer and more economical compounds than 
the easting ones. This need is the more pressing in view of advancement 
in health care in other areas, which has led- to an increasingly loiiger life 
span. This is in particrdar a problem for women for whom the decline in 
estro^nic hormones at menopause is drastic and has negative 
consequences for bone strength and cardiovascular functions. For 
estrogenic treatment, there are highly active estrogenic 16a-substituted 
estragenic steroids available as for example described in Fevig et al (in 
Steroids 51: PP 471-497, 1988), DE 2757157, US 3,704,253 and 
Takikawa et al (in Res. Steroids Vol 7, pp 291-299, 1977). Also 7a,lip- 
disubstituted estrogens are known from Tedesco et al (in Bioorgardc & 
Medicinal Chemistiy Letters, Vol 7, No 22, pp 2919-2924, 1997), but 
further improvements are still possible in this field. The discovery of 
subtypes of estrogen receptors, there being an a-subtype (ER a) and a P- 
subtype (ER P) of such receptors, offers titie possibility for more selective 
activation of one particular subtype of those two receptors, immanently 
resulting in more effective treatments or treatinents with less side effects- 
Specifically 16P-methyl-estrogens are described in Gonzalez et al 
(Steroids Vol. 40; 171-187; 1982), but compounds with the 16P- 
configuratioii do not generally have the favourable selective effect of a 
compoimd of this invention. 

The present invention is ba:sed on the discoveiy of compoimds, which are 
unexpectedly selective for the estrogen receptor of the a-subtype. This 
invention m a ke s a 16a-substituted steroidal compoimd available having 
formula 1, , 
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formula 1 
wherein: 

the dotted ring (so-caUed A-ring) is a fulty saturated, a fully aromatic or a 
5 saturated ring with a A5-10 double bond; 

is (Ci-C3)alkyl or (C2-C3)a3kenyi, and each of these groups can be 
substituted with one or more halc^ens; 
r2 is (Ci-C4jalkyl, (C2-C4)alkenyl or methylene, and each of these groups 
can be substittxted with one or more halogens; 
10 is methyl or ethyl. 

The bonds at the 3 and 7 position, for which the stereochemistry in 
formvila 1 is not specified, can independently be eitiier in a or in p 
position with respect to the steroid skeleton. Obviously, when R2 is 
15 methylene the bond at the 1 1 position is not meant to be in p 
configuration. 

A preferred halogen in is chlorine or fluorine. 

20 A preferred selection for R2 is (Ci-C2)alkyl or vinyl. 

Of course, the invention also makes prodrugs for the above defined 
compounds available. 

25 A prodrug is defined as being a compound, which converts in the body of 
a recipient to a compound as defined by formvda 1. Notably, the hydroxy 
groups as depicted in the formulas above can for example be substituted 
by alkyl*Q^, alkenyl*oxy, acyl*oxy, aroyloxy, alk*oxycarbonyloxy, 
sialfonyl groups or phosphate groups, whereby the carbon chain length of 

30 the groups denoted with an asterisk (*) is not considered to be sharply 
delimited, while aroyl generally wiU comprise a phenyl, pyridinyl or 
pyrimidyl. Preferred prodrugs are carboxylic acid esters or alkyi ethers on 
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one or both hydroxy! groups, and more preferred prodrugs are (C2- 
C6)carbd::^lic acid esters, such as esters of (iso)butanoic add, or (C1-C4) 
alkyl ethers. The length of the alkyi, alkenyl and acyl groups is selected 
depending on the desired properties of the prodrugs, whereby the longer 
5 chained prodrugs with for example lauryl or caproyl chains are more 
suitable for sustained release and depot preparations. It is known that 
such substituents spontaneously hydrolyse or are enz5rmatically 
hydrolysed to the free hydroxyl substituents on the skeleton of the 
compoxmd. Such prodrugs will have biological activity comparable to the 

10 compoimds to which they are converted in the body of the recipients. The 

active compoimd to which a prodrug is converted is called the parent j 
compound. The onset of action arid dviration of action as weU as the 
distribution in the body of a prodrug may differ from such properties of 
the parent compdund. For other types of prodrugs it should be realised 

15 that the hydroxyl groups in formxila 1 can be placed in position by the 
metabolic system of the recipient; The hydroxyl groups are essential for 
aflBnity for the estrogen receptors. Thus, compotmds as defined by 
formixla 1, but lacking one or both hydroxyl groups are also made 
available as compounds according to this invention, and to which 

20- compxjxmds is referred as prodrugs. 

Other terms used in this description have the following meaning: 

alkyl is a branched or unbranched alkyl group, for example methyl, ethyl, 

propyl, butyl or sec-butyl; ( 
25 alkenyl is a branched or unbranched alkenyl group, such as ethenyl> 2- 

butenyl, etc.; 

halogen refers to fluorine, chlorine, bromine and iodine; 
aroyl is arylcarbonyl such as a benzoyl group; 

aiyl is a mono- or polycyclic, homo- or heterocyclic aromatic ring system; 
30 acyl is an alkylcarbonyl group. 

Ttie prefixes (C1-C4), (C2-C4) etceteras have the usual meaning to restrict 
the meaning of the indicated group to those with respectively 1 to 4, 2 
to 4 etc. carbon atoms. 

35 The selective estrogen-receptor affinity profile of the compounds 

according to the present invention makes them suitable for use in 
Uierapy. The compounds are suitable as improved estrogens, in the sense 
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that they can be used for estrogen-receptor related medical treatments, 
such as those for contraception or for treatment or prevention of benign 
prostate hypertrophy, cardiovascular disorders, menopausal complaints, 
osteoporosis, estrogen dependent tumour control or central nervous 
5 system disorders such as depression or AlzheimCT's disease. 

Therefore, the invention relates to the use of a compoiand according to 
the invention for the manufacture of a medicament for a selective 
estrogen-receptor related treatment. The selective estrogen-receptor 

10 related treatment is obtained by activation of the a-subtype of the 

estrogen receptors. Such a medicament can be used for treatment of 
estrogen-receptor related disorders such as peri- and/ or post- 
menopausal complaints and alsio making the medicament generally 
suitable in the a^a of hormone replacement therapy (HRT). Hie 

15 treatment comprises administration of the compound according to the 
present invention to an organism with both subtypes of receptors. Thus 
the invention also pertains to a method of treatment for selective 
activation of estrogen receptors of the a-subtype comprising the 
administration of a compo\md according to the invention to a recipient in 

20 a sxaitable amoxmt. Such a method of treatment is smtable for the 
medical indications of peri- and/ or post-menopausal (climacteric) 
complaints and osteoporosis, i.e. a method of treatment in the field of 
hormone replacement therapy. 

25 Ail organism that can be a recipient of a selective estrogenic treatment 

can be an animal or human being, and in usually wiU be a female animal 
or a woman in need of estrogenic treatment. 

Administration of a compound according to the invention wiU be greatiy 
30 aided by manufacture of pharmaceutical compositions. The present 
invention, therefore, also relates to a pharmaceutical composition 
comprising a compound according to the invention mixed with a 
pharmaceutically acceptable auxiliary. 

35 In a particular aspect the invention relates to the use of a compound 
according to the invention in the manxifacture of a medicament having 
contraceptive activity. Thus the inventioii also pertains to the medical 
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indication of contraception, i.e. a method of contraception comprising the 
administration of a compoimd according to the invention in a smtable 
amount to a recipient, being a woman or a female animal, of a 
progestogen and an estrogen as is customary in the field, wherein the 
5 estrogen is a compoimd as described herein before (in a suitable 
pharmaceutical dosage form). 

The compounds of the invention can be produced by various methods 
known in the art of organic chemistry of steroids in general. Introduction 

10 of 16a methyl or ethyl groups to steroids is easily done by methods 

known in organic sjmthetic literature. Generally, an anion at position C- 
16 can be formed by treatment of C-17^ketones with appropriate bases 
such as alkali metal salts of oi^anic secondary amines (diisopropylamiiie 
or hexamethyldisilazane). Treatment of these anions with alkylating 

15 agents like alkylhalides leads to the desired 16a-alkylated steroids. 

Alternative metixods of all^lation are available, for example, starting with 
conversion of a C17-carbonyl steroid into the corresponding hydrazone 
followed by the formation of the C16-anion, alkylation, followed by 
liberation of the carbonyl by cleavage of the hydrazone. Alternatively, the 

20 anion at position 16 is formed by conjugated reduction of a A15-en-17- 

oiie steroid with alkalimetals. More specifically the routes of synthesis as 
illustrated in the schemes and examples can be used. 

Ester prodrugs can be made by esterification of compoxmds with free 
25 hydroxyl groups by reaction with appropriate acyl chlorides in pyridine. 

Methods of preparation of a pharmaceutical composition are described in 
the standard reference Geimaro et al., Remmington's Pharmaceutical 
Sciences. (18th ed.. Mack publishing Company, 1990, see especially Part 

30 8: Pharmaceutical Preparations and Their Manufacture) and suitable 
auxiliaries are made available in e.g. the Handbook of Pharmaceutical 
Eixcipients (2°*^ Edition, Editors A, Wade and R J. Weller; American 
Pharmaceutical Association; Washington; The Pharmaceutical Press; 
London, 1994). The mixture of the compound according to the invention 

35 and the pharmaceutically acceptable auxiliary may be compressed into 

solid dosage units, such as pills, tablets, or be processed into capsules or 
suppositories. By means of pharmaceutically smtable liquids the 
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compounds can also be applied as an injection preparation in the form of 
a solution, suspension, emulsion, or as a spray, e.g. nasal spray. For 
making dosage units, e.g. tablets, the use of conventional additives such 
as fillers, colorants, polymeric binders and the like is contemplated. In 
general any pharmaceutically acceptable additive which does not 
interfere with the function of the active compoimds can be used. The 
compoimds of the invention may also be included in an implant, a 
vaginal ring, a patch, a gel, and any other preparation for sustained 
release. 

Suitable carriers with which the compositions can be administered 
include lactose, starch, cellulose derivatives and the like, or mixtures 
thereof used in suitable amounts. 

A method of treatment according to this invention comprises the 

administration to an animal or human person of a compound as 

described herein before (in a s\dtable pharmaceutical dosage form). 

A suitable dosage amount of the present compoimds will be of the normal 

order for estrogenic compoimds, e.g. of the order of 0.01 to 100 mg per 

administration. 

The invention is further illustrated hereinafter with reference to some 
unHmitative examples and the corresponding formula schemes referred 
to. 

EXAMPLES 

The compoimd numbers refer to corresponding structural formulas in the 
schemes 1 and 2 
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Schemel 




All NMR spectra were recorded as solutions in CDCI3 in a 400 
5 MHz spectrometer. 

Compound 2 
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A solution of 13 ml of tert.butyldimethylsilyl chloride in 20 ml of 
diethylether was added dropwise to a mixture of 15 g of 1 ip- 
methyldienolone 1 and 14 g of imidazole in 150 ml of DMF at 0°C. After 
stirring for 2 h the reaction was complete. Water was added and the 
5 product extracted with ethyl acetate. The material thus obtained was 

purified by passing through a short silica cohxaan, to provide 17 g of 2; Rf 
0.56 (heptane / ethyl acetate 7/3), NMR8 1.1 (d,3, lip CHs), 0.91 (s, 3, 
18-CH3), 3.55 (m, 1, 17aH), 5.80 (m, 1, H4), 6.21 (s, 2, H6,H7) 



10 Compound 3 

To a solution of 20.5 g of steroid 2 and 2 g of cupricacetate in 500 ml of 
dry THF was added dropwise at -30«C 40 ml of a 22% solution of 
methylmagnesium chloride in THF over a period of % h. The reaction 
mixture was subsequently stirred for an additional Va h and then poured 

15 into a solution of 30 ml of cone sulphuric acid in 100 ml of water. The 
mixture was stirred for another 16 h , then 19 g of NaOAc were added 
and the product was exti:^cted with ethyl acetate. The 7a isomer was 
purified by chromatography over siHca, to give 8.5 g of pure 3, Rf 0.45 
(heptane / ethyl acetate 1/1), 7p-isomer at Rf 0.42; NMR5 1.07 (d,3, Hp- 

20 CH3), 0.88 (s, 3, I8-CH3), 0.78(d, 3, 7a-CH3), 

CompoTond 4 

A mixture of 5.5 g of 3, 15 ml of pyridine, 4.7 ml of acetic anhydride and 
40 mg of DMAP was stirred at room temperature for 1 h. Then water was 

25 added and the product extracted vvith ethyl acetate. The organic layer 
was washed with 2N HCl to remove pyridine and then with water . The 
re^due obtained after drying and concentration was used as is in the 
next step. Rf 0.59(heptane / ethyl acetate 1/1), NMR: 6 1.06 (d,3, llp- 
CH3), 0.92 (8, 3, I8-CH3), 0.78(d, 3, Ta-CHs), 2.04 (s, 3, acetate), 4.56 

30 (dd, 1, H17a) 5.84 (broad s, 1, H4) 

Compound 5 

To a solution of 6.2 g of 4 in 180 ml of dry acetonitrile was added 1 .6 g of 
LiBr followed by 8 g of CuBr2. After stirring for 2 h the aromatization 
35 reaction was completed . The mixture was diluted with 400 ml of water 
and extracted with ethyl acetate. The organic layer was washed with 
water and 5% aquous NaHCOs solution and dried and concentrated. 
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Chromatographic pitrification provided 4.2 g of 5, Rf 0.67 (heptane / 
ethyl acetate 1/1), NMR S 0.84 (d,3, llp^CHs), 0.93 (s, 3, I8-CH3), 0.81(d, 
3, 7a-CH3), 2.05 (s, 3, acetate), 4.64 (dd, 1, H17a) 6.52 (d, 1, H4), 6.62 
(AB, 1, H2), 7.03(AB, 1, HI). 

5 

Compoxind 6 

To a solution of 4.2 g of 5 in 20 ml of DMF was added at O^C 1 .7 g of 
imidazole, followed by 2.2 g of TBDMS-Cl. The mixture was stirred for 
several hoiirs at room temperature and after completion of the silylation 

10 poured into 150 ml of water. The product was extracted with with ethyl 
acetate. The product thus obtained was passed through a short silica 
coliimn and provided 4.5 g of 6, Rf 0.77 (heptane / ethyl acetate 7/3), 
NMR 8 0.84 (d,3, lip-CHa), 0.94 (s, 3, I8-CH3), 0.80 (d, 3, 7a-CH3), 0.98 
(s, 9, tert.C4H9Si)Vo.l8 (s, 6, Si(CH3)2), 2.06 (s, 3, acetate), 4.64 (dd, 1, 

15 H17a) 6.49 (d, 1, H4), 6.59 (AB, 1, H2), 7-O0(AB, 1, HI). 

Compound T 

A solution of 5.4 g of 6 in 10 ml of THF was added dropwise to a stirred 
suspension of 400 mg of LiAlH4 in 20 ml of THF. After stirring for 15 min 

20 the reduction was complete and the mixture was treated first with 1.1 ml 
of sat Na2S04, and then with 8 g of Na2S04, followed by filtration over 
Celite and concentration to provide 4.5 g of 7, Rf 0.50(heptane / ethyl 
acetate 7/3), ), NMR 5 0.85 (d,3, lip-CHs), 0.90 (s, 3, I8-CH3), 0.80 (d, 
3, 7a-CH3), 0.97 (s, 9, tert.C4H9Si), 0.18 (s, 6, Si(CH3)2), 3.70 (dd, 1, 

25 H17a). 

Compoxmd 8 

To a solution of 4.5 g of 7 and 3.4 g of NMO in 50 ml of acetone was 
added 100 mg of TRAP. After stirring for 1 h the oxidation was complete. 

30 To the reaction mixture was added 5 g of silica gel, followed by 90 ml of 
heptane. The mixture was stirred for 15 min and then filtered through 
Celite. The filtrate was concentrated and passed throu^ a short silica 
path and provided 3.7 g of 8, Rf 0.66 (heptane / ethyl acetate 7/3), 
NMR 5 0.86 (2xd,6, 7a+llp-CH3), 1.01 (s, 3, 18-CH3), 0.98 (s, 9, 

35 tert.C4H9Si) , 0.19 (s, 6, Si(CH3)2) 6.53 (d, 1, H4), 6.62 (AB, 1, H2), 
7.01(AB, 1, HI). 
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Compound 9a 

A solution of 1 g of steroid 8 and 0.64 ml of DMPU in 20 ml of dry THF 
was added dropwise at -A5^C to a solution of 2.66 ml of IM UHMDS in 
10 ml of THF. After stirring for an additional h at -^S^C, 0.20 ml of 
5 methyliodide was added and stirring prolonged at -20<»C tantil completion 
of the allqrlation ( % h). Then 200 ml of 10% aq. NH4CI was added and 
the the product extracted with ethjd acetate. Upon furtiiCT purification of 
the material by chromatography 0:88 g of 16a alkylated material 9a was 
obtained. Rf 0.70 (heptaile / ethyl acetate 7/3), NMR 6 0.86 (2xd,6, 
10 7a+Hp-CH3), 1.05 (s, 3, I8-CH3), 0.97 (s, 9 tert.C4H9Si) , 0.19 (s, 6, 

Si(CH3)2) 1.14 (d, 3, 16aCH3) 6.53 (d, 1, H4), 6.62 (AB, 1, H2), 7.01(AB, 
1, HI). 

Compound 9b 

15 Preparation carried out in the same way as described for 9a, but using 
0.25 ml of ethyliodide as the alkylating agent. Reaction was stirred for 
several hrs at room temperature to go to completion. Chromatography 
provided 0.84 g of 9b, . Rf 0.75 (heptane / ethyl acetate 7/3), NMR 5 
0.86 (2xd,6, 7a+lip-CH3), 1.05 (s, 3, IQ-CHa), 0.97 (s, 9 tfirt.C4H9Si) , 

20 0.96 (t, 3, 16a CH3CH2-), 0.19 (s, 6, Si(CH3)2 ) 6.53 (d, 1, H4), 6.62 (AB, 1, 
H2), 7.01(AB, 1, HI). 

Compoimd 10a 

A solution of Li-acetylide was prepared by dropwise addition of 10.3 ml of 
25 1 .6 M of BuLi /hexane to a solution of 0.67 ml of 1,2-dibromoethene in 
20 ml of dry THF at -60*»C. After stirring for an additional V^tia. solution 
of0.88gof^in 5 ml of THF was introduced and the reaction mixture 
was gradually warmed to room temperature. After stirring for 1 h the 
reaction was complete and the mixture poured into 10% aq NH4CI 
30 solution. The product was extracted with ethyl acetate and purified by 
chromatography , to provide 790 mg of lOa, Rf 0.23 (heptane / ethyl 
acetate 9/1), NMR 8 0.80 (d,3, 7aCH3), 0.87(d,3, llpCH3),1.05 (s, 3, 19- 
CH3), 0.97 (s, 9, tert.C4H9Si) , 0.19 (s, 6, Si(CH3)2) 1.20 (d, 3, 16aCH3) 
2.68 (s, 1, acetylene). 

35 

Compound 10b 
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Reaction carried out in the same way as desoibed for 10a . using 0.84 g 
of gb, to provide 710 mg of 10b. Rr 0.24 (heptane / «thyl acetate 9/1), 
NMR8 0.79 (d,3, 7aCH3), 0.88(d,3, llpCH3),0.98 (t, 3, 16a CH3CH2-), 
0.96 (s, 9 tert.C4H9Si) , 0.19 (s, 6, Si(CH3)2) ), 2.65( s, 1, acetylene). 

5 

Compound 11a 

To a solution of 790 mg of 10a in 1 ml of THF was added 2.5 ml of IM 
TBAF in THF. After stirring for 10 min the deprotection was complete. 
Water was added and the product extracted into ethylacetate and finally 
10 purified by passing through a silica pad. Hie material thus obtained was 

triturated with heptane-diisopropyl ether (1/ 1) to provide 480 mg of / 
essentially pure 11a , Rf 0.31 (heptane / ethyl acetate 7/3) ,Mp 204-205 
OC, NMR5 6.81 (d,3, 7aGH3), 0.88(d,3, lipCH3),1.05 (s, 3, I8-CH3), 1.20 
(d, 3, 16aCH3)2.69 (s, 1, acetylene). 

15 

Compound lib 

Compound lib was prepared similarly as described for 11a . using 710 
mg of lOb . Precipitatioh of the final product from ethanol/ water provided 
430 mg of essentially pure lib . Rf 0.30 (heptane / ethyl acetate 7/3), ), 
20 NMR 8 0.80 (d,3, 7aCH3), 0.88(d,3, lipCH3),1.00 (t, 3, 16a CH3CH2-), 
1.06 ( s, 3, I8-CH3) 2.65( s, 1, acetylene). 

EXAMPLE 2 

25 The synthesis of the compound (3a,lip,16ail7P)-16-methyl-ll-(2- 
propenyl)-19-norpregn-5(10)-en-20-yne-3,17-diol (compoimd 27) is 
described with reference to schone 2 (next page). 
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Compoiond 13 

To a solution of 17.3 g of Cul and 3.84 g of UCl in 250 ml of diy 
THF was added at -70^ 0 90.6 ml of a IM solution of 
aHylmagriesium bromide in diethyl ether. After stirring for an 
5 additional 20 min. 1 1 .4 ml of trrmethylchlorosilane was added 
foUowed by a solution of 7.5 g of steroid 12 in 100 ml of THF. The 
reaction mixture was kept all the time below -60^C. After stirring 
for 1 h the reaction was quenched by pouring into sat. aqueous 
NH4Cr solution. The product was extracted with ethyl acetate and 
10 subsequently purified by column chromatography to provide 6.25 g 
of 13 as a colorles oil. NMR 5.20 (m, CH allyl); 5.0 (CH2, allyl); 3.04 
(m, Hll). 

Compound 14 

15 To a solution of 9.6 g of 13 in a mixture of 100 ml of methanol and 
30 ml of methylene chloride, containing 800 mg of NaOH, was 
added 0.4 g of sodium borohydride at O-S^C. After stirring for 1.5 h 
the reaction was complete and the mixture was treated with 20 ml 
of acetone for 0.5 h. 

20 The reaction was then poured irito water and extracted with ethyl 
acetate, to provide 9.5 g of 14- NMR 3.59 (t, CHOH); 2.98 (m, Hll), 
0.92(s, CH3). 

Compoxmd 15 

25 To a solution of 9.5 g of 14 in 100 ml of acetone was added 8 ml of 
6 N HCl. After stirrrng for 2 h. The nuxture was neutralized with 
NaHCOS and concentrated to a small volume, diluted with water 
and extracted with ethyl acetate. This provided 8.2 g of IS as a 
colorless amorphous material. NMR 5.68 (m, H4); 3.10 (m,Hll); 

30 3.65 (m, CHOH). 

Compound 16 

A solution of 8.2 g of 15 in 100 ml of dry THF was added to 500 inl 
of hq. NHS at -70^C. This mixture was treated with an amoiont of 
35 lithium metal (about 500 mg) vmUl the blue color of the reaction 
mixture persisted for at least 15 min. The reaction was quenched 
by addition of a portion of NH4CI. 
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The residue which remained after evaporation of the NH3 was 
diluted with water and extracted with ethyl acetate. 
Chromatographic purification provided 4.0 g of 16 as a colorless 
oil; Rf 0.55 (hept./ethylacetate 1/1 v/v). 
5 NMR 2.80 ( ab, CH2 at C4); 0.93 (s, CHs). 

Compound 17 

To a solution of 4.0 g of 16 in 80 ml of methanol was added 6 ml of 
trimethylorthoformate, followed by 0.8 g of toluenesulfonic add. 

10 Aft«- stirring for 2 hr the ketalization was completed. The mixture 
was treated witia 6 ml of pyridine and concentrated to a small 
volume. The remainders were diluted with water and extracted with 
ethyl acetate. The residue 4.7 g, consisted of almost pvire 17; tic, Rf 
0.78 (hept/ethykc^tate 1/ 1, v/^. 

15 NMR 3.22, 3.25 (2x s, OCH3). 

Compound 18 

To a solution of 33 g of 17 in 50 ml of acetone was added 6 gr of 
mol sieves (4A) followed by 3.2 g of N-methylmorpholine-Nnaxide 

20 and 150 mg of tetrapropylammonium perruthenate. The mixture 
was stirred for 1 h: To the reaction mixture was added 5 g of silica 
gel followed by 50 ml of heptane and was stirred for an additional 5 
min. The mixture was filtered over hy-flow, and after concentration 
in part it was taken up in ethylacetate, washed with -watsacy and 

25 concentrated. The residue was passed over a short siHca column 
and provided 2.9 g of 18. Rf 0.52 (heptane / ethylacetate 7/3). 
NMR 1.02 (s, CH3). 

Compound 19 

30 For the ethinylation lithiumacetylide was prepared from 
dibromoethene and butyllithium. 

To a solution of 0.74 ml of 1,2-dibromoethene in 20 ml of THF was 
added at -700C 11 ml of a 1.6 M solution of BuLi in hexane. After 
stirring for 15 min. a solution of 800 mg of 18 in 2 ml of THF was 
35 added. The mixture was allowed to warm to room temperature in 
15 min, and after an additional 15 mih. at room temperature the 
reaction was quenched with water and the product extracted with 
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ethyl acetate. Concentration followed by passing through a short 
silica gel colixmn gave 810 mg of 19 as a white amorphous 
material. Rf 0.48 (heptane-ethyl acetate 7/3), Rf starting material 
0.52. NMR 2.61 (s, acetylene). 

5 

eompoxmd 20 

To a suspension of 3.2 g of 19 in 60 ml of ethanol was added 0. 16 
g of oxalic acid in 16 ml of water. The mixture was stirred for 2.5 
hr and became gradually homogeneous. The reaction mixture was 

10 treated with NaHCOa and concentrated to a small volume. Then 

water was added and the product was extracted with ethyl acetate. 
The crude product thus isolated was passed through a short silica 
gel column and crystaUized jfrom diisopropylether, to provide 2.3 g 
of 20, Mp 136^e.S?f 0.66 (heptane -ethyl acetate 1/1). NMR 2.78 

15 (ab,2, H4); 2.61 (s, acetylene). 

CompoxHids 21, 22 

To a solution of 1 g of 20 in 12 ml of THF was added 1.6 g of 
lithium tri-t-butoxy-alimiinimihydride. After stirring for 1 h at 

20 room temperature the mixture was treated with water and 

neutralized by addition of 2N HCL The product was extracted with 
ethyl acetate and chromatographed over silicagel (heptane/ 
ethylacetate 8/2 as eluent). This provided 0.56 g of alcohol 21 
(Mp 121-123 ^C) and 0.24 g of 3a alcohol 22 (Mp 84-87«>C). 

25 RfO.53 (21) and 0.45 (22), heptane / ethylacetate 1/1. NMR 
(3aOH) 3.82 (m, CHOH); (3pOH) 4.08 (m, CHOH) 

Compound 23 

To a solution of Hthium hexamethyldisilazide (prepared ftx>m 1.9 ml 
30 of 1.6M BxiLi-hexane solution and 0.71 ml of hexamethyldisUazane 
in 4 ml of dry THF) was added at -40^0 1 g of 18 and 0.7 ml of 
DMPU in 5 ml of THF. The mixture was stirred for 0.5 hr at -40^0 
and then 225 ul of CHsI was added by syringe. After stirring for an 
additional 0.5 h at -40^G the reaction was completed. The mixture 
35 was diluted with water and extracted with ethylacetate. 

Chromatography of the crude product thus isolated gave 1.3 gr of 
23, Rf 0.43 (heptane/ethylacetate 8/2). NMR 1.10 (d, 3, 16aCH3), 
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1.06 (s, 3, CHa), 3.23 (2x s, 6, OCHs), 5.0 (m, 2, allyl CH2), 5.78 (m, 
1, aUyl CH). 

Compoixnd 24 

5 According to the procedure described for the preparation of 19, 1.3 
g of 23 were converted into the required 24> to provide 1.2 g, Rf 

0. 46 (heptane / ethylacetate 7/3 ) Rf(23) 0.55. NMR 2.66 (s, 1, 
acetylene), 1.06 ( s, 3, CHs), 1-17 (d, 3, 16aCH3). 

10 Compound 25 

To a solution of 800 mg of 24 in 20 ml of ethanol was added a 
solution of 80 mg of oxalic acid in 5 ml of water. The mixture was 
stirred for 1 h and then neutralized by addition of NaHCOs. After 
dilution with wafer and extraction with ethylacetate. 0.7 g of 25 

15 remained as crystalline material. Rf 0.47 

(heptane / ethylacetate 7/3 ).NMR 2.78 (AB, 2, H4), 1.08 (s, 3, 
CHa), 1-18 (d, 3, 16aCH3), 2.67 (s, 1, acetylene). 

Compoxxnds 26, 27 

20 To a solution of 725 mg of 25 in 20 ml of a 1/1 mixture of ethanol 
and THF was added 130 mg of sodiimiborohydride. After stirring 
for 1 h 2 ml of acetone were added to destroy some excess reagent 
After 15 miri the mixture was poured into water and the product 
was extracted with ethylacetate. The material thus obtained was 

25 pixrified by chromatography at silicagel, using either 

methylenechloride - acetone or hexane- ethylacetate as eluent. This 
gave 300 mg of 27 (3a-OH) and 75 mg of 26 (3p-OH). Rf @6) 0.47 
(methylenechloride/acetoiie 95/5). Rf @7) 0.54 

(methylenechloride/acetone95/5). NMR (27) 3.82 (m, 1, 3pH), 2.75 
30 (s, 1, acetylene), 1.06 (s, 3, CHs), 1-17 (d, 3, 16aCH3); (26) 4.07 (m, 

1, 3pH), 2.76 (s, 1, acetylene), 5.01 (m, 2, CH2 allyl), 5.78 (m, 1, 
CH-allyl). 

EXAMPLE 3 

35 Compoxmds are tested for their estrogen receptor activity in a binding 
assay and in a transactivation assay. 
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Detemunation of competitive binding to cytoplasmic human estrogen 
receptor a or p from recombinant CHO cells is used to estimate the 
relative affinity (potency ratio) of a test compoimd for estrogen receptors 
present in the cytosol of recombinant Chinese hamster ovaty (CHO) cells, 
5 stably transfected-with the human estrogen receptor a (hEIRa) or P 
receptor (hERP), as compared with estradiol (E2). 

The estrogenic and antiestrogenic activity of compoxmds is determined in 
an in vitro bioassay with recombinant Chinese hamster ovary (CHO) cells 

10 stably co-transfected with the human estrogen receptor a (hERa) or p 
receptor (hERP), the rat oxytocin promoter (RO) and the luciferase 
reporter gene (LUC), The estrogenic activity (potency ratio) of a test 
compound to stimulate the traxisactivation of the enzyme luciferase 
mediated via the"estrogen receptors hE3Ra or hBRP is compared with the 

15 standard estrogen estradiol. The antiestrogenic activity (potency ratio) of 
a test compound to inhibit the transactLvation of the enizyme luciferase 
mediated via the estrogen receptors h£Ra or hBRP by the estrogCTi 
estradiol is compared with the standard ICI 164.384 (= (7a,17S)-N-butyl- 
3, 17-dihydro3sy-N-methylestra- 1 ,3,5( 10)-triene-7-undecanamide) • 

20 

Results 

A quantitative parameter for agonist selectivity is obtained by dividing the 
percentage agonist activity for ER a by the percentage agonist activity for 
ER p. Compound 11a has agonist selectivity for estrogen receptor a over 
25 estrogen receptor p of more than 86 times. Compound 26 has an ^onist 
selectivity for ER a over ER p of 59 times. Compoimd 27 has agonist 
selectivity of 88.3 times/ 



BNSDCDCIE): <WO_021018aA1J_> 



wo 02/10188 



PCT/EPOl/08535 



18 



Claims 



1. A 16a-substituted steroidal compotmd having fornmla 1, 



OH 




nR3 



CH 



5 



10 



15 



20 



25 



formula 1 
•wherein: 

the dotted ring is a fially saturated, a fully aromatic or a saturated ring 

-with a A5-ld"double bond; 
Ri is (Ci-e3)allsyl or (C2-C3)alkenyl, and each of these groups can be 

substituted with one or more halog^s; 
R2 is (Ci-C4)all£yl, (C2-C4)alkenyl or methyl^e, and each of these 

groups can be substituted witii one or more halogens; 
R3 is methyl or ethyl. 

2. A 16a-substituted steroidal compound according to claim 1, 
characterised iti that the halogens in Ri and R^ are selected from 
chlorine or fluorine. 

3. A 16a-substituted steroidal compound according to claim 1 or 2, 
characterised in that R^ is (Ci-C2)allsyl or vinyl. 

4. A compound according to claim 1 for use in a medical treatment. 

5. The use of a compound according to daim 4 for the maniafacture of a 
medicament for an estrogen-receptor related treatment,, characterised 
in that the treatment is an estrogen receptor a selective treatment. 

6. Hie use according to claim 4 for the manufacture of a medicament for 
an estrogai-receptor related treatment, characterised in that the 
treatment is for hormone replacement therapy or contraception. 
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7. A method of treatment for selective activation of estrogen receptors of 
the a-subiype coraprising the administration of a compound according 
to claim 1 in a suitable amount. 

5 8. A method of treatment for horinone replacement therapy or 

contraception comprising the adirdnistration of a compound according 
to claim 1 in a suitable amount. 

9. A pharmaceutical composition comprising a compound according 
10 claim 1 mixed with a pharmaceutically acceptable auxiliary. 
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